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SUMMARY 

The lift, dr'ag, and center of pressure characteris- 
tics of a model of " tlie Fowler yar iatle-area wing were 
measured in the N.A.C.A. ■? by 10 foot wind tunnel. The 
Fowler wing consists of a combination of a main wing a,nd 
an extension surface, also of airfoil section. The exten- 
sion surface can be entirely retracted within the lower 
rear portion of the main wing or it can be moved to the 
rear and downward. The tests were made with the nose 
of the extension airfoil in various positions near the 
trailing edge of the main wing and with the surface at 
various angular deflections. The highest lift coefficient 
obtained was *= 3^17 as compared with 1.27 for the 

main wing alone. 

INTRODUCTION 



The Fowler wing, developed by Harlan D. Fowler, is 
the result of an attempt to combine three different meth- 
ods of increasing the maximum lift. 

1, Increasing the area 'by means of an exten- 

sion surface. 

2, Increasing the effective camber by means of 

a flap. 

3, Providing a slot to help maintain xmburbled 

flow at high angles of attack. 

The combining of these methods is accomplished by means 
of an extension surface, which is a sort of flap having 
an airfoil section. The extension airfoil is retracted 
into the lower rear portion of the wing when not in use 
but is extended to the rear and downward when high lift 
is desired, (Fig. 1.) The gap that is left between the 
main wing and the extension airfoil forms 'a slot to ma.in- 
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tain unturtled air flow over the rear airfoil at the high 
angles of attack. • - 

Previous wind-tunnel tests on models of 3-inch chord 
at "both Massachusetts Institute of Technology and ITew Yorl:: 
University, and full-scale flight tests have all shown e:c- 
ceptionally high lift coefficients with the Fowler wing 
arrangement. (Reference 1.) The present tests were made 
as part of a series on high--lift devices in the ? hy 10 
foot wind tunnel of the National Advisory Committee for 
Aeronautics. The Clark Y airfoil section was used for 
"both the tasic v/ing and the extension airfoil and the 
tests were made to cover a range of slots and angular de-- 
flecticns of the extension airfoil, 

APPARATUS AlTD METHOD- 



The Powler wing model used in these' tests consisted 
of a basic Clark Y wing with a 10-inch chord and 60-inch 
span, and a Clark Y extension airfoil having a chord 40 
per cent that of the main wing, (See figs. 1 a,nd 2 and 
Table I,) The" ext en si on airfoil a,nd -the forward portion 
of the main wing were constructed of laminated mahogany. 
The rear portion of the main wing, which followed only the 
upper contour of the Clark Y profile, was made of a l/32 
inch steel plate rolled to the proper curvature and stiff- 
ened ty rios spaced 5 inches apart. The extension air- 
foil was supported hy means of five equally spaced metal 
plates attached to five of the ribs, and capahle of ad- 
justment to give different positions and angular deflec- 
tions of the rear airfoil. 

The extension airfoil could not oe completely retract 
ed into the model wing oecause of interference with the 
rihs; therefore, in the tests representing the retracted 
condition the main wing was fitted with a plate covering 
the rear 4 inches of the lower surface, 

Tests'were made with the nose of the extension air- 
foil in nine positions (shown in fig, l) covering the 
range giving the best slots. At each of these nose loca- 
tions the .angular deflection of the extension airfoil was 
varied throughout the required range. 

The 7 "by 10 foot wind tunnel, which is of the open- 
.jet type, is described in detail tog-ether with, the hal-* 
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ances and standard test procedure in reference 2. Be- 
cause of the high lift ohtained with the Showier wing mod- 
el, it was supported "by a fine wire. at each wing tip in 
addition to "the usual center support. 

The tests were made at an air speed of 80 m.p.h., 
corresponding to a Reynolds timber of 609,000. First the 
values" of max ^e^© found for the various angular de- 

flections at each location of the nose. Then complete 
lift, drag, and center of pressure tests were made for 
the six positions giving the highest maximum lift coeffi- 
cients. Corrections were not made for tunnel wall effect. 

RESULTS and' Discussion 



Curves of G-^ ^^^^ ("based on the area of the basic 

wing) against flap angle are given for each location of 
the nose of the extension airfoil in Figures 3 to 5. From 
the maximum values in these curves contour lines were pre- 
pared which show the various positions giving the same 
value of maximum lift. (Fig. 6.) The values in Figure^S 
represent the deflection which gave the highest value of 
max each location. 

The highest value of C^^ 3.17, was obtained 

with the nose of the extension airfoil in position 5. 
(See figt 1.) This is the location suggested by Lir. Fow- 
ler. It is believed that the lift coefficient of 3.17 is 
the highest that has been . obtained to date from a device 
readily applicable to norma,l airplane construction. 

Curves of C;^ , Cj) , and c.p, are given in Figures 

7 to 12 for the best positions of the extension airfoil 
and are compared with similar curves for the case with the 
extension airfoil retracted. The maximum lift coefficient 
obtained with the plain wing was 1.27 as compared with 
3.17 with the best extended position. 

The minimum drag coefficient for the retracted condi- 
tion was 0.0156. (Ho external flap supports were in place 
for this test.) The speed range ratio. Cl .max/CD min» 
maximum" lift coefficient being taken with the. flap- down at 
the best location and the minimum drag coefficient with the 
flap retracted, was 203 as compared with 87 for the main 
Cla.rk Y wing alone. 
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At angles of attack alDOve 0 the center of pressure 
with the extension airfoil extended was about 25 per cent 
of the chord behind the center of pressure for the plain 
Clark Yo Although this difference may seem excessive, it 
is no't li'kely to lead to great trouble in connection with 
the balance of an airplane because the downwash is sub- 
stantially greater with the surface extended, which in-, 
creases the download on the tail. 

To investigate the possibility of reducing the motion 
'of the c.p, caused by extending the surface, a complete 
test ai^ the best position of the nose of the extension 
airfoil was made with a reduced flap angle (25^). The 
curves for flap angles at 25^ and 40^ (fig. 11) > however, 
show very little difference in c.p. for the two settings. 

Effect on airplan e p erformance o - If the wing of an 
average parasol monoplane were modified to include the 
Fowler extension airfoil arrangeiaen t , the gross weig-^t be- 
ing assumed unchanged for simplicity, the present tests 
indicate that the minimum gliding speed would be decreased 
to less than 2/3 of the original value. If the extension 
device required no external support-s or mechanism, the 
high speed would of course remain the same. 

If the -.original landing speed T/ere desired and the 
original gross weight maintained, the basic Zo'wler wing 
could be reduced to 40 per cent of the original area, and 
the high speed would be increased somewhat (in the neigh- 
borhood of 5 per cent for an average present-day airplane). 

CONCLUSIONS 



1, TTith the extension airfoil in the best position 
a maximum lift coefficient of 3,17 was obtained for the 
Fowler wing model as ccmpareii with lc27 for the basic wing. 

2. To obtain the high maximum lift coefficients of 
which this combination is capable, the extension airfoil 
must be located within close limits of the best position. 



Langley Memorial Aeronautical Laboratory, 

national Advisory Committee for Aeronautics, 
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TABLE I 
AIRFOIL ORDIKATES 

(All values in per cent airfoil chord) 



Clark Y 



btaticn 


Ordinate 
Upper 


Ordina,tc- 
Lower 


0 


3.50 


3.50 


1.25 


5.^5 


1.93 


2.50 


6.50 


1.^7 


5.00 


7.90 


.93 


7.50 


g.g5 


.63 


10.00 


9.60 


.K2 


15.00 


10.69 


.15 


20.00 


11.36 


.03 


30.00 


11.70 


0 


ko.oo 


11.^0 


0 


50.00 


10.52 


0 


60.00 


9.15 


0 


70.00 


7.35 


0 


go. 00 


5.22 


0 


90.00 


2. go 


0 


95.00 


1.^9 


0 


100.00 


.12 


0 



Leading edge radius = I.50 



Eoth airfoil sections are Clark Y 



Extended ilap position^ 



Position 


a4 c 1 M c \ 

— --4— -H 


1 


-5.00 1.25 


2 


-5.00 ! 2.50 


3 


r -5.00 p3.75 1 


4 


0.00 1 1.25 j 


5 


0.00 2.50 j 


6 


0.00 1 3.75 1 


7 


5.00 T 1.25 


8 
'9 


5.00 i 2.50 

r 5.00 1 3.75 

1 1 



A — >j 



Fi^.l Section of Fov/lor v/in^^. 
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Fig. 3 



3.0 



2.C 























\ ...\ 













\ ' 

\ ,.1 





/ 

/ 


1 




\ 

\ 


\ 


/ 


/ 

< 





































Posi 
II 

It 


tion IT 
II 

II 


D.l 

1 2 — 


1 


hc 




1 — .... 
























. .J 






















' 1 







25 35 45 

Flap angle, degrees 



Pig. 3 Variation of Ct with flap angle. 
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25 35 45 55 

Flap angle, degrees 



Fig. 4 Variation of Ct with flap angle. 
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Fig. 5 




35 45 
?lap angle, degrees 



Fig. 5 Variation of ^-j^^^ v/ith flap angle. 
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Dimension A 



Pie. 5 Contours showing variation of Ct witn position oi nose oi extension airfoil. 
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Fig. 7 




a, degrees 



Fig. 7 C-j^jCj^ and cp. curves for position 1. 
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Fig. 8 




Fig. 8 Cj^'C^ ^2id c.p. curves for position 2. 




Pig,9 C ,C-p. and c.p. curves for position 3. 
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Fig. 10 




a, degrees 



Pig. 10 C-r ,C-p. and c.v. curves for position 4 
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Fig.ll CjjC-r^ and c.p. curves for position 5. 
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Fig. 12 




a, degrees 



Fig. 12 Ct ,Cj^ and c.p. curves for position 6, 



